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[57] ABSTRACT

An assembly of multiple quantities of solid state mem-
ory modules, built upon a high density interconnect
substrate, is described. Each memory module is of itself
constructed from a multiple number of separate bare
solid state memory die appropriate to the function. A
multiplicity of the memory modules are constructed on
a single substrate, and thereupon each module is sepa-
rated from the single substrate. The separate memory
die are mounted to the surface of the high density sub-
strate, which provides the interconnection necessary to
complete the memory function. The high density sub-
strate also provides the capability for close attached
capacitors for signal filtering, test vias for optimal mod-
ule test and thermal vias as appropriate. The provision
for multiple memory modules enables economical man-
ufacturing plus capability for systems level intercon-
nect.

11 Claims, 2 Drawing Sheets
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HIGH DENSITY PACKAGING OF SOLID STATE
DEVICES

1. FIELD OF THE INVENTION

This invention relates to test modules for semicon-
ductor devices, and more particularly, to test modules
of semiconductor devices in which a plurality of semi-
conductor chips are mounted as a module on a sub-
strate.

2. DESCRIPTION OF THE PRIOR ART

As noted in U.S. Pat. No. 4,426,773, semiconductor
electronic components may be mounted on substrates
that have a plurality of electrically interconnected
metal traces for burn-in testing and test at speed of the
components. After testing, the substrates are separated
along score lines or perforations and assembled as a
package to a motherboard.

A problem with the prior art is that where the elec-
tronic components are memory devices, buffers, multi-
plexers, etc., these devices are often used in multiples
and with other electronic components; i.e., capacitors,
pull-up or pull-down resistors or protection devices,
and there 1s a need for a further assembly step and test
with such other components associated with the mem-
ory. Thus, the approach set forth in the prior art does
not provide for an economical approach to the packag-
ing of solid state memones.

SUMMARY OF THE INVENTION

The invention is directed to the packaging of solid
state memory devices wherein an integrated systems
approach is used in fabricating such devices so that the
‘memory devices may be tested as a full integrated pack-
age. This and other advantages are realized by an array
of electronic packaging substrates that is useable for
testing, the array comprising a support for supporting a
plurality of testable modules. A plurality of semicon-
ductor chips is mounted on a front surface of the sup-
port, the chips being divided into subsets of chips, each
subset being part of a different testable module and
including a plural number of chips. A passive circuit
element 1s located beneath each chip of a testable mod-
ule and a plurality of test pads are located on a back
surface of the support. A conductive via couples one of
the test pads to leads on the front surface of the support.

In accordance with another aspect of the invention
there 1s provided a method of manufacturing an elec-
tronic package comprising fabricating a support for
supporting a plurality of testable modules, the fabricat-
ing including the steps of forming a plurality of passive
circuit elements on the support and forming a plurality
of test pads on a back surface of the support with a
conductive via coupling one of the test pads to leads on
the front surface of the support. A plurality of semicon-
ductor chips are then mounted on a front surface of the
support, the chips being divided into subsets of chips,
each subset being part of a different testable module and
including a plural number of chips with at least one chip
in each subset being mounted over a passive circuit

element. The modules are tested by applying electrical -

signals to the test pads. Thereafter, the substrate 1s sepa-
rated into different modules to form electronic packages
and mounted, as an electronic package having plural
chips, onto a motherboard.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a planar view in schematic illustrating an
arrangement of a plurality of memory device modules
formed on high density interconnect substrates;

FIG. 2 is a schematic illustrating in a perspective
view that is partially cut-away of a module formed on a
substrate of FIG. 1; and

FIG. 3 is a schematic illustrating in perspective the
module of FIG. 2 but with memory chips removed to
better illustrate elements beneath these chips.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to FIGS. 1 and 2, a support or array
10 of fixed or unfixed ceramic of say beryllia, titama or
titanates or alternatively high temperature-resistant
polymers such as polyimide resins, glass epoxy or pat-
terned metal/dielectric on silicon or ceramic may be
used. Upon this support, conventional metallizing mate-
rials such as tungsten, molybdenum-manganese, palla-
dium, platinum, copper, etc. may be applied to provide
a metallized pattern of internal and external terminals,
metallized traces and electrical contact pads on the
support. This pattern may be applied by, for example,
silk screening techniques, electroplating or vapor depo-
sition.

After the metallized pattern has been applied to the
array, desired portions of the array may be plated with,
for example, gold using either electro or electroless
plating techmiques. Preferably, the plating procedure
selected provides a uniform layer of gold over all areas
plated therewith.

The array may contain a relatively small number of
substrates, e.g., ones in which no more than four sub-
strates are present as 1s 1llustrated in FIG. 1. Alterna-
tively, they may contain a large number of substrates,
e.g., ones in which there may be several hundred sub-
strates present. Furthermore, it is contemplated that an
array of the invention may be constructed using a single
sheet on which all metallizing 1s deposited and then, if
desired, an insulating layer of an appropriate dielectric
material applied over those portions which are not to be
gold plated. Still further, it is contemplated that a multi-
layer array according to the invention may be con-
structed using two or more layers of materials, for ex-
ample, two or more green ceramic sheets which are
adhered and fired to an integral ceramic structure. Met-
allized patterns may be provided on the lower layer on
several of the layers, or even on all of the layers of a
multilayer array. Suitable electrical connections as will
be described are provided between the various layers by
via holes or edge metallization as desired. Conse-
quently, it is clear that an array of the invention may be
made in many ways.

As shown i FIG. 1 an array 10 has fabricated
thereon in accordance with the techniques noted above
four substrates for forming in this example, four mem-
ory modules 12A-12D. Printed indicia 14 may be
formed in each substrate to define corners for guiding
the sawing of the substrates into separate modules after
the modules have been tested. The dashed lines 16
shown in FIG. 1 represent the outlines of the four mod-
ules or can represent scoring lines facilitating fracture
along said lines of the array into four separate modules.
While not shown in FIG. 1 the array 10 includes suit-
able leads for conducting electrical signals to the com-
ponents to be mounted upon the array as well as to
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components such as capacitors fabricated within the
array. With reference now to FIG. 2 a portion of the
array 10 1s shown featuring in greater detail the con-
struction of one of the modules 12A. As may be seen in
FIG. 2 module 12A comprises in this example, four
memory chips 22A-D that are mounted on the substrate
associated with this module. In accordance with this
embodiment of the invention each testable module con-
tains a multiple number of memory devices. The quan-
tity of memory devices may be dependent on the sys-
tems application and characteristic architecture of the
particular memory types. Thus flash EEPROM type
memories would have four memory chips associated
with each module. SRAM type memories might have
eight chips associated with each module. The memory
chips are fabricated from semiconductors and are
mounted on the substrate by a suitable adhesive. Con-
nections between leads on the substrate and on each of
the memory chips is accomplished by wirebonding,
TAB or flip chip. The illustrated example will be dis-
cussed in terms of a flip chip connection.

As may be noted in FIGS. 2 and 3, the substrate has
passive circuit elements such as capacitors 24 printed on
a front face thereof in locations beneath each semicon-
ductor memory die or chip. The printed capacitors may
be formed by thick film printing or thin film depositing.
As shown in phantom in FIG. 3, the underside of each
substrate includes a series of test pads 26. Each test pad
1s connected to a flip-chip substrate bond pad 29
through a respective conductive via 28 which extends
from the underside of the substrate to the top side
thereof. Metallized leads 31 connect the vias to respec-
tive bond pads associated with each chip. To minimize
the number of test pads, metallized leads may be pro-
vided on the periphery of the substrate to route a signal
from one test pad to several flip chip bond pads each
assoclated with a different chip. As may be seen in FIG.
2, each fhip-chip to be mounted on the substrate has a
two-series of flip chip bond pads arranged so that a chip
when mounted thereon will engage respective terminal
bumps 40 formed on the chip to make electrical connec-
tions between the circuitry on the chip and that formed
on the substrate. Alternatively, the metallized bumps
may be formed on the substrate.

The chips are mounted on the surface and held in
place by a suitable adhesive. In the course of burn-in
testing or test at speed, electrical signals are provided
by suitable pins which contact the test pads of the as-
sembly while the assembly is held in a suitable fixture.
The provision of separate test pads on the underside of
the substrate beneath each chip allows for analysis of
which chips are defective. Assuming the defective chips
have been removed and the assembly repaired or the
chips successfully pass the burn-in or test at speed test
phase, the assembly is severed along the saw lines that
are formed surrounding groups of, say, four chips as
shown so that packages of four chips are provided for
mounting on a motherboard.

As will be appreciated by those skilled in the art, the
present mmvention addresses the issues leading to im-
proving systems level considerations, yield and manu-
facturability, and configuration of packaged memory
modules. It provides for efficient use of high density
interconnect by enabling a particular area of substrate
to serve simultaneously as an intermediate fabrication
template, a test/burn-in platform, a test at speed sock-
et/fixture in which passive devices are located near
memory components under test, and as a final assembly
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substrate for incorporation into final product. Not only
can hardware package density be optimized, the design
and configuration considerations for assembly, test,
burn-in, test at speed and final product are achieved in
one substrate/process.

The present invention provides true systems level test
at speed without the requirement for expensive auxil-
lary test fixturing. Indeed the test fixturing in the pres-
ent invention realistically emulates the interconnect
required for test evaluation in the final product. For
example byte-wide systems tests can be achieved with
the appropriate number and interconnect of multiple
memory die within a single module. With the results of
such high quality test, optimal decisions can be made
regarding the test results, assembly/parametric test-
/burn-in/test at speed processes, component quality,
and ultimate release of memory module subassembly to
final product. Thus flexibility in the transition between
subassembly to final product is enabled.

The ultimate packaging density is achieved when
peripheral passive devices (capacitors, pull-up or pull-
down devices, for example) are incorporated into the
substrate. Passive devices have large area requirements
which typically do not decrease with the advance in
microelectronics technology. Another aspect of in-
creasing memory density is to bring test/thermal man-
agement structures under each device. This is achieved
by the incorporation of test and thermal vias in the
present invention located under the memory die with-
out impact on the real estate packaging density of the
memory module. Interconnect to the opposite side of
the module, should double sided packaging be war-
ranted 1s also possible.

Although the invention has been described with rela-
tion to various specific and preferred embodiments, it is
not itended to be limited thereto. Those skilled in the
art will recognize that variations and modifications may
be made which are within the spirit of the invention and
the scope of the appended claims.

We claim:

1. An array of electronic packaging substrates that is
useable for testing, the array comprising:

a support means for supporting a plurality of testable

modules;

a plurality of semiconductor chips mounted on a front
surface of said support means, said chips being
divided into subsets of chips, each subset being part
of a different testable module and including a plural
number of chips;

a passive circuit element located beneath a chip of
each testable module;

a plurality of test pads located on a back surface of
said support means; and

a conductive via coupling one of said test pads to
leads on the front surface of said support means.

2. The array of claim 1 and wherein the passive cir-
cuit element is a capacitor.

3. The array of claim 1 and wherein the chips are
memory chips.

4. The array of claim 3 and wherein the memory
chips are mounted to the front surface of said support
means in a flip-chip arrangement.

S. The array of claim 3 and wherein the passive cir-
cuit element is a capacitor.

6. The array of claim 1 and wherein each testable
module comprises four flash EEPROM type memory
chips.
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7. The array of claim 1 and wherein each testable 10. The array of claim 8 and wherein the chips are
module comprises eight SRAM type memory chips. memory chips.
8. The array of claim 1 and wherein each testable 11. The array of claim 10 and wherein each testable
module is surrounded by scoring lines. module comprises four flash EEPROM type memory
9. The array of claim 3 and wherein the test pads are 5 chips.
beneath at least one memory chip of each module. * O ok o
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